
PART 53—FORMS 53301*29$: 

CM 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0T83 

PupJic i-oonw b-jfdffi for thn collection Of mlOfmMion n oiinwlM to Jv^f *^r I *Ouf 0<r revjonvr. locludlr*; ;h< UtTv? for reviirwin^ instruction!, i-jirchtnn. eirUino. d»ta «jorm. 
gjtrwrf'oq jod maintaining the dm nfrdd. nvj romoVeltnn, jnd »ev-ewir«} the collection of mfor m-ition, '*<vi comment! reoirdlnn thh burden estimate of my other »u>ect of Ihn 
collection of Information inclwdinq (oooeitiom tor reducing thn otxden. (O Wwh.rv^On He(>d<]cjarten '-ervicev Directorate tor Infcymation Ooeratiom and fteoocu. 1215 Jeffer-ion 
Davit Hiohway  Suite 1204   Arlington.VA  2220.2-a)O2. and to the Ottice of Mw*](mffH and Budqet. Paperwork Reduction PrO|ect (07(M-Oia<). Waihinrjton. D< 20SOJ. 

1.  AGENCY USE ONLY (Leive blink) 2. REPORT DATE 

19  April   1996 
3. REPORT TYPE   AND OATES COVERED 

Final Technical 1 Apr. 94 -31/Mai 
4. TITLE  AND  SUBTITLE 

Investigation of Chemical Fate of Hazardous Aero- 
space Materials in Environment: A Supramolecular 
Phnt-nrhpmi r-al Tmrpsti.ga11 oi of Materials Adsorbed oln 

6. AUTH0R(s)Metal Oxides and Porous Solids 

Nicholas J Turro 

5.   FUNDING NUMBERS 1996 

7. PERFORMING  ORGANIZATION  NAME(S)  AND ADORESS(ES) 

Columbia University 
New York, New York 10027 

AFOSR-TR-96 

O Pci 
9.  SPONSORING/MONITORING AGENCY  HAME(S) ANO  ADORESS(ES) 

AFOSR/NL 
110 Duncan Ave., Suite B115 
Boiling AFB, DC 20332-0001 

10. SPONSORING; MUNI I UKlrfU 
AGENCY  REPORT  NUMBER 

F49620-94-1-0153 

11. SUPPLEMENTARY  NOTES 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for Public Release; Distribution is 
Unlimited 

12b. DISTRIBUTION  CODE 

13. ABSTRACT (Maximum 200 words) 

Supramolecular photochemistry provides experimental tools and mechanistic 
concepts pertinent to the examination of the fate of Air Force chemicals 
and how they may be photochemically transformed into environmentally 
benign substances.  This benefication process of converting AF chemicals 
to environmentally benign materials is termed mineralization.  A"bio- 
memetic" strategy is adopted for which the laboratory model of benefica- 
tion is based -on processes occurring in nature.  This biomimetic model 
provided us with the strategy of employing supramolecular photochemical 
systems to achieve the mineralization of Air Force chemicals via photo- 
sensitized degradation.  A host molecule (the Air Force chemical) is 
brought into sustainable contact with a host system (humic acid, a metal 
oxide, a porous solid, etc.) which initiates the mineralization process. 

14.   SUBJECT  TERMS 

supramolecular photochemistry; biomimetic; 
mineralization; sensitized degradation; host/guest 

17.    SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 

18.    SECURITY CLASSIFICATION 
OF   THIS  PAGE 

Unclassified 

19.    SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

15.  NUMBER  OF  PAGES 

4 
16.  PRICE  CODE 

20.  LIMITATION OF ABSTRACT 

None 
NSN 7540-01-2SO-S5ÖO Standard Form  29B (Rev   2-39) 

?'^\<iic-d   by   AH1,!   ltd    ^ J*3- I« 
29»-102 

2 l W 1995 

53-85 



A SUPRAMOLECULAR PHOTOCHEMICAL 
INVESTIGATION OF MATERIALS ADSORBED ON 
METAL OXIDES AND POROUS SOLIDS 

Nicholas J. Turro 
Department of Chemistry 
Columbia University 
New York, NY 10027 

April 19,1996 

Final Technical Report for the period 
1 April 1994 through 31 March 1996 

Prepared for 

Air Force Office of Scientific Research 
Building 410 
Boiling Air Force Base, DC 20332 

I APB « 



Final Technical Report 

I Abstract of Technical Progress       The research objectives of this grant 
included the discovery and invention of Air Force materials that convert potential 
environmental hazards into environmentally benign materials. The first approach 
involved the excitation with light of model hazardous materials and the initiation of 
chemical steps which either cascade to cause degradation, or produce materials that are 
readily degraded into environmentally benign substances. The second approach involved 
a multidisciplinary attack on the investigation of the degradation mechanism through the 
use of a range of state of the art spectroscopic techniques to characterize the structure and 
dynamics of reactive intermediates generated by photochemical excitation. Specific 
systems investigated have employed time resolved electron spin resonance and time 
resolved optical absorption and emission to characterize reactive intermediates. 
Photoinduced electron transfer has been shown to have excellent potential to serve as a 
general method in initiating the photodegradation of a range of hazardous materials such 
as high energy fuels and fluorinated hydrocarbons. 

II. Accomplishments/New Findings:    Among the highlights of the accomplished 
research are the development of time resolved electron spin resonance as a spectroscopic 
technique for the investigation of reactive intermediates produced by the photochemical 
excitation of hazardous materials employed by the Air Force and the development of 
photoinduced electron transfer as a general method for initiating the degradation of 
hazardous materials employed by the Air Force. These results are important to the fate 
and transport of hazardous materials, because they can be employed to study a wide range 
of systems of interest to the Air Force. The results are relevant to the goals of 
discovering and inventing methods for environmentally benign degradation of hazardous 
bulk materials commonly employed by the Air Force, such as fuels and high performance 
polymers. These goals are relevant to the Air Force mission of minimizing the 
environmental impact of end product/waste materials required in the execution of the 
nation's defense, and have broader impact beyond the Air Force mission for civilian 
technological challenges of environmental benefication and protection from hazardous 
materials. 
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Dr. Nikolaos Kaprinidis 

V. Coupling Activities 

Yearl: 
The PI attended a meeting organized by Major Martin D. Lewis, Program 

Manager of AF Basic Research Program in Environmental Quality, on 13 May 1994 at 
Tyndall AFB in Panama City, FL. The topic of the workshop was Subsurface Fate and 
Transport of Air Force Hazardous Materials.   The PI spoke on the Fate of Hazardous 
Aerospace Materials: A Supramolecular Photochemical Investigation of Adsorption on 
Metal Oxides and Porous Solids. 

The PI attended a meeting with Dr. Frederick Hedberg and other AFOSR grantees 
on 23 August 1994 at SRI's Washington Office in Arlington, VA. As a result ofthat 
meeting, Dr. Theodore Mill of SRI in Menlo Park, CA sent the PI a sample of the 
Dinitramide compound for some preliminary ESR measures. 

Year 2: 
Dr. Susan E. Burns, a postdoc of Prof. John Hassett at SUNY, Syracuse, visited 

the Pi's laboratories on April 29, 1995 to discuss the AFOSR project. 

Lois Gschwender from Wright Laboratory at Wright-Patterson Air Force Base, 
Ohio sent us two samples of perfluoropolyalkylether for chemical/biochemical fate of 
spilled material studies used in gas turbine engine oils. 

On June 8 and 9, 1995, Dr. Nikolaos Kaprinidis (post-doc in the Pi's laboratory) 
attended a Joint USAF/Army Contractor/Grantee Meeting on Subsurface Contaminant 
Fate and Transport in Boulder, CO and presented a paper on "Photochemical Effects on 
Fate and Transport of Hazardous Aerospace Materials: A Supramolecular Photochemical 
Investigation of Absorption on Metal Oxides and Porous Solids." 

New discoveries, inventions, or patent disclosures. None 

Honors/Awards:        Havinga Medal (University of Leiden) May 1994 
Porter Medal (European, Japanese, and Inter-American 

Photochemical Societies) July 1994 
Member National Academy of Sciences 
Member American Academy of Arts & Sciences 
Honorary degree: D. Sc, Wesleyan University (CT) 
Distinguished Alumni Award (Caltech) May 1996 


